Introduction.
The study of spatial linearized supersonic flow may be aided by the study of some simple fundamental flows with axial symmetry. Through the principle of superposition, these flows may be combined to give more general flows about various objects and about lifting systems. It is the purpose of this paper to express the equations of linearized supersonic flow in a system of conical coordinates, to develop a theory for fundamental flows with axial symmetry, and to describe examples of such flows and of their combination by superposition. Various examples of the fundamental equations and solutions here described will be given in later papers, together with the development of some concepts useful in this field. in cylindrical coordinates. The fundamental uniform flow is given by the potential <j>0= Vz where V is the velocity corresponding to the Mach number M. Equation (1) will be considered as yielding velocity deviations which must be added to the velocity of the fundamental flow to describe the net flow.
A new coordinate is introduced to replace the coordinate r: t = (r/zWM* -1.
This quantity is the ratio of the tangents of the polar angle and of the Mach angle. Equation (1) with r eliminated and t introduced becomes 1 1
t t2
By separation of variables a solution of the form is found. The function 4> satisfies the equation 
and the pressure coefficient by rp
The part of Eqs. (8a), (8b) in u and v is not necessary if w is of the same magnitude as u and v. In many important cases, however, u2-{-v2 is of the same magnitude as Vw and Eqs. (8a), (8b) must be used in its complete form. In these cases the validity of the solution should be checked.
The singularity of (5) or (6) at /■= ±1 corresponds to the two Mach cones extending from the origin in the three dimensional flow. Various ranges of t correspond to various regions of flow, as shown in the following table. 
where F denotes the hypergeometric function. The solution of negative exponent, Eqs. (10a), (10b) is not well defined.
It is of considerably more value to express the solutions about f2 = 1, since then both solutions are well defined and two distinct types of solution may be distinguished. One type of solution, designated as type I, is the solution of zero exponent at t2 = 1 and is real throughout the range of t. The resulting solution for 0 has no singularity on the Mach cones. The other type of solution, designated as type II, is the solution of exponent n-\-\ at t2 = 1 and is real only for t2 < 1 or only for t2> 1. The resulting solution for <f> is defined only within the Mach cones or only outside the Mach cones. These solutions may be expressed as follows:
(lib) [Vol. IV, No. 3 Three special cases are distinguished according to the relative values of n and m:
case A: -oo < w -m -1, case B: -m^n^m -1, case C: m^n< °°T he distribution of these cases for small values of m and n is shown in the table:
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From a consideration of Eqs. (9) to (12) the forms of the two types of solutions in the various cases may be found. For all solutions except solutions I-A (i.e., solutions of type I in case A) and solutions II-C, the form is explicit in terms of a polynomial in t2 or in (1-t-). Solutions I-A and II-C have logarithmic singularities at <=0 and are discussed later. The polynomial forms are expressed as follows: There is a connection between the solutions of Eq. (6) and the Legendre functions with the same values of n and m, except that -n -1 is used when n is negative. However, since Legendre functions are customarily defined only for m^n or m^n -1, respectively, they are of assistance here only in cases A and C. The polynomial solutions are
These solutions are most easily obtained by transforming Eq. (1) into Laplace's equation by introducing the variable iz/y/M2-1. The polynomial solutions may be obtained in another form from an expression given by A. R. Forsyth,3 and the law for differentiating the hypergeometric functions. When n is not positive, these solutions are and when m + 1 is not negative, d»+i ,
4. Logarithmic solutions. The logarithmic solutions I-A and II-C are most easily expressed in terms of the Legendre functions, as in Eqs. (13a), (13b). They are
Since the validity of Eqs. (14) to (17) does not depend upon m being an integer, and since an appropriate solution of the form of these equations vanishes as a logarithmic solution is approached, the logarithmic solutions may also be obtained by differentiating such solutions with respect to m. The logarithmic solutions in this form are 
d"+1 II-C) T = t±m( 1 -/2)»+* d^n+1 [(1 + VFr72)B+i:f "* log (1 + y/\ -<2)
5. Generating equations. The fundamental equation, Eq. (1), expressed in Cartesian coordinates is invariant under differentiation with respect to any of these coordinates. Solutions of the type of Eq. (4b) expressed in Cartesian coordinates and differentiated with respect to these coordinates are still solutions of Eqs. (1) 
t dt
The procedures yielding these new solutions can be considered procedures of super- [Vol. IV. No. 3 position; for example, one solution superposed on its negative an infinitesimal distance downstream yields the new solution given by Eq. (21a) These equations are not to be considered recurrence relations, as no system has been established for specifying solutions with respect to the multiplicative arbitrary constant.
In a similar manner solutions with the parameter n increased by 1 may be obtained by reversing Eqs. (21a), (21b), and (21c) with suitable integrations.
6. Integral relation. An integral relation connecting two solutions whose parameters differ in value may be obtained either from the corresponding relation for the Legendre functions or directly from Eq. (6). If T\ denotes a solution corresponding to ri\ and «i and 7*2 a solution corresponding to «2 and m2, the relation is
Setting «i = n2 or = we obtain simpler equations as special cases which may be used to obtain orthogonality relations between solutions.
7. Two-dimensional cross-flow. The solutions of type I for which m = \n\ are given by T = /". The corresponding solutions for <f> in cylindrical coordinates are <t> = rn sin ( | n \ d + /J).
These solutions give two-dimensional cross-flow because of the fact that z does not appear. This cross-flow, as a result of the linearizing assumptions, appears as an incompressible flow.
8. Conical flow. The solutions of either type for which n = 1 give solutions of conical flow, of which only those of type II are here treated. Since the exponent of these solutions at t2= 1 is 3/2, both the potential and the velocity vanish on the Mach cone. The first few solutions are:
The flow about an infinitesimal circular cone at zero incidence is given by the first The "lifting element" solution, since the potential has exponent -5 and the velocities -$ at t2 = 1, has a troublesome singularity on the Mach cones. A simpler singularity has the "lifting line" solution, whose potential vanishes and whose velocities have exponent -£ at <! = 1. When these solutions are superposed to give lifting systems of finite dimension, the singularity in the velocities usually disappears. The third solution is the same as the one which gives the lift on an inclined circular cone. Examples of the superposition of such solutions to form a lifting system will be given in a later paper.
10. The acceleration potential. Since the axial velocity component w is a derivative of the velocity potential in Cartesian coordinates, it satisfies the same equations, Eqs.
(1) to (6), as does the velocity potential. The acceleration potential, whose fundamental theory will be found in a paper by L. Prandtl,4 equals -p/p for linearized flow, and also equals Vw+\{w2+r5) from Eq. (8a). Hence the approximate acceleration potential defined by \f/= Vw satisfies Eqs. (1) to (6). The relation of this quantity to the velocity potential for a given fundamental flows is of the type which leads to Eq. (21a), and hence the corresponding acceleration potential is given by a solution with n decreased by 1. It is important to note that this does not give the true linearized acceleration potential where w!+»2 is not of smaller magnitude than Vw. Thus the two-dimensional cross-flow described above has no approximate acceleration potential, and the acceleration potential is given incorrectly in the vicinity of the axis for other flows. However, the true acceleration potential may not itself be superposed, and often the difference between the approximate and true linearized acceleration potential disappears under superposition.
The "lifting element," "lifting line," and " lifting infinitesimal triangle" have approximate acceleration potential solutions (II, -2, 1), (II, -1, 1), and (II, 0, 1), respectively. With conical flow, the approximate acceleration potential is a function only of t and 0 and can be shown to satisfy Laplace's equation in two dimensions.
